The leptin system is implicated in the regulation of body weight and reproductive function, acting at endocrine and paracrine levels. This ligand-receptor system is mandatory for embryonic implantation in rodents. Here, we investigate the expression pattern of total leptin receptor (OB-R T ), the long form (OB-R L ) and short isoforms HuB219.1 and HuB219.3 in the human endometrium. Furthermore, we studied leptin and OB-R T mRNA during human embryonic preimplantation development and the embryonic regulation of the endometrial OB-R L . Leptin receptor expression and its isoforms increase in the luteal phase and peak in the late part. Leptin receptor was localized at the epithelial and glandular epithelium using in situ hybridization. Reverse transcriptionnested PCR showed the presence of OB-R T mRNA at all the embryonic stages, whereas leptin mRNA was only detected at the blastocyst stage. The embryonic regulation of endometrial epithelial OB-R L and HuB219.3 was studied, and no impact was found. Finally, OB-R L was immunohistochemically localized in the human cytotrophoblast and maternal decidua. These findings suggest that secretory endometrium is a target tissue for leptin action, and oocytes and preimplantation embryos possess OB-R mRNA, indicating that leptin may be necessary for embryonic development. Furthermore, leptin mRNA is specifically expressed at the blastocysts stage, suggesting a function in the blastocyst-endometrial dialogue. 
L EPTIN, THE PRODUCT of the OB gene, is a 16-kDa nonglycosylated polypeptide of 146 amino acids discovered in 1994 by Zhang et al. (1) . Leptin receptor is the product of the LEPR or OB-R gene and is a member of the class I cytokine receptor superfamily (2) . In humans, there are at least four leptin receptor isoforms, which vary according to the length of their intracytoplasmic domains (3) . The short forms are considered to lack signaling capability, whereas the long form (OB-R L ), with a complete intracellular domain, activates the signal transduction pathway via both the signal transducer and activator of transcription-3 (STAT3) and MAPK (4 -6) . In this way, it has been demonstrated that signaling via STAT3 is necessary for leptin regulation of energy but is not vital for reproduction (7) . The leptin system is implicated in the regulation of body weight (8 -11) and reproductive function, acting at endocrine and paracrine levels (12) (13) (14) . ob/ob mutant mice produce a defective, nonfunctional leptin that results in a phenotype of obesity and sterility (1) . The fertility of these animals can be restored by means of exogenous leptin treatment but not by food restriction, suggesting that leptin is required for normal reproductive functioning (15, 16) . db/db mutant mice, which produce an altered splicing form of the leptin receptor mRNA without the intracytoplasmic domain, display characteristics similar to those of ob/ob mutants (17, 18) , but they cannot be reverted via administration of leptin. Furthermore, it has been demonstrated in ob/ob knockout animals that, although leptin is essential for normal preimplantation and implantation processes, it is not crucial during pregnancy and parturition (19) .
There is a controversy surrounding the functional role of levels of circulating leptin during the menstrual cycle. Although some groups have shown that the lowest concentration of serum leptin is measured during the early follicular phase, later peaking during the luteal phase (20, 21) , other studies have failed to find significant changes in the course of the different phases (22) (23) (24) . In recent years, three different groups (25) (26) (27) have reported expression of the leptin system in the human endometrium. The three groups detected OB-R L mRNA in the human endometrium using Northern blot analysis (26) and RT-PCR (25) (26) (27) . Furthermore, OB-R L protein was detected by Western blot analysis (25, 26) and located immunohistochemically in glandular and luminal epithelium (25, 27) . In addition, the presence of OB-R L in cultured human endometrial epithelial cells (EEC) was demonstrated by RT-PCR and Western blot (25) .
With respect to the embryonic counterpart, leptin has been immunolocalized in mouse and human oocytes and preimplantation embryos in a polarized manner (28) . Its source is thought to be maternal due to the absence of leptin mRNA (29) . Recently, two splice variants of OB-R (OB-Ra and OBRb) mRNAs have been detected in mouse oocytes and embryos throughout the preimplantation development (30) . This study also reported that leptin significantly aided blas-tocyst development and increased the total cell number of blastocysts (30) . Additionally, our group has detected leptin in conditioned media from single human blastocysts at higher concentrations than those seen in arrested embryos, suggesting that this molecule is a marker for blastocyst viability (25) .
The aim of this study is to further establish and quantify the complete leptin system during human endometrial receptivity and embryonic development. Furthermore, the embryonic regulation of OB-R L and HuB219.3 produced in the EEC has been assessed using an in vitro model for the apposition phase of human implantation. Immunolocalization of OB-R L in human implantation sites was also performed.
Patients and Methods

Patients and tissues
This project was approved by the Ethical Committee and Institutional Review Board on the use of human subjects in research at the Instituto Valenciano de Infertilidad [in accordance with the Spanish Law of Assisted Reproductive Technologies (35/1988) ]. Surplus embryos were donated for research by nine patients after ovarian hyperstimulation and insemination, in which routine in vitro fertilization (IVF) procedures were employed. A total of 15 endometrial biopsies were obtained from women (aged 23-39 yr) at different stages of the menstrual cycle and dated according to Noyes et al. (31) . Informed consent was obtained from each woman. Endometrial samples were divided into the following groups: I, early follicular (d 1-8, n ϭ 3); II, mid-late (d 9 -14, n ϭ 3); III, early luteal (d 15-18, n ϭ 3); IV, mid (d 19 -22, n ϭ 3); and V, late (d 23-28, n ϭ 3). Human adipose tissue, used as positive control for leptin and OB-R expression, was obtained from patients undergoing gynecological surgery. Human placental tissue was acquired after routine delivery.
Real-time quantitative fluorescent PCR (QF-PCR)
The experiments for real-time QF-PCR were performed with the ABI PRISM 7700 Sequence Detection System (Applied Biosystems, Foster City, CA). In short, primers were designed using the Primer Express software (Applied Biosystems) provided with the aforementioned system to comply with the manufacturer's universal conditions. SYBR Green I double-stranded DNA binding dye (Applied Biosystems) was used as the assay chemistry. Total RNA (1 g) was reverse transcribed using an Advantage RT-for-PCR kit (Clontech, Palo Alto, CA). We used 100 ng of cDNAs for each sample analyzed. cDNA from placenta or adipose tissue was used to obtain the standard curve. All real-time QF-PCR assays were carried out according to the manufacturer's universal thermal cycling parameters, and the final products were analyzed with the provided software (Sequence Detector v 1.7, Applied Biosystems). The primer cDNA sequences and the sizes of the amplified fragments are listened in Table 1 . Each assay was performed in duplicate. Data are presented as the relative average value of the gene investigated and normalized with the average value of the housekeeping gene, glyceraldehyde-3-phosphate dehydrogenase (GAPDH). Melting curves were analyzed to confirm amplification specificity.
Reverse transcription (RT)-nested PCR of human embryos
RT-nested PCR was performed basically according to Krü ssel et al. Downstream (3Ј end) primers of the outer primer pairs, rather than oligo-deoxythymidine primer, were used for the RT reaction to obtain more specific cDNA products. To ensure that the product was a result of the amplification of cDNA rather than the contamination of genomic DNA, primers were designed to amplify fragments of more than one exon. The primer cDNA sequences and the sizes of the amplified fragments are presented in Table 2 .
Single oocytes and embryos were added to the RT mix in approximately 1 l of culture medium and were immediately frozen at Ϫ80 C. Samples were heated to 99 C for 1 min to release the total RNA and denature the proteins. They were then cooled down to 4 C, at which point 0.5 l recombinant RNase inhibitor and 1 l Moloney murine leukemia virus RT (Clontech) were added. The RT reaction was carried out at 42 C. After amplification, the enzyme was inactivated.
For the first round of PCR, 3 l of RT product was added to 47 l PCR mix [4 l of 25 mm MgCl 2 solution, 5 l of 10ϫ PCR buffer, 33.5 l of DEPC-treated H 2 O, 1.5 l of 10 mm dNTP, 2.5 l of outer 3Ј ϩ 5Ј primer mix (5 m each), and 0.5 l Taq DNA polymerase (BIOTAQ; Bioline)]. The PCR was performed at 58 C in 20 cycles for ␤-actin and 25 cycles for leptin and OB-R.
For the second PCR, 4 l of first-round PCR were added to 46 l PCR mix [4 l of 25 mm MgCl 2 solution, 5 l of 10ϫ PCR buffer, 33.5 l of DEPC-treated H 2 O, 1.5 l of 10 mm dNTP, 4 l of inner 3Ј ϩ 5Ј primer mix (5 m each), and 0.5 l of Taq DNA polymerase (BIOTAQ; Bioline). PCR was carried out at 58 C in 25 cycles for ␤-actin and at 59 C in 30 cycles for leptin and OB-R.
H 2 O substituted cDNA as the negative control for each reaction, whereas placental cDNA was used as the positive control. The integrity of each cDNA preparation was analyzed using RT-PCR of ␤-actin mRNA (33) . PCR reaction products were analyzed by means of gel electrophoresis in 2% (wt/vol) agarose gel containing 0.5 g/ml ethidium bromide. The bands were isolated and sequenced to verify the identity of the PCR products.
Nonradioactive in situ hybridization
Total RNA from endometrium (1 g) was reverse transcribed using an Advantage RT-for-PCR kit (Clontech) and PCR amplified with specific primers to detect all isoforms of human OB-R mRNA (forward: 5Ј-GTGCCAACAGCCAAACTCA-3Ј, and reverse: 5Ј-GTGTGGTAAA-GACACGAGGA-3Ј). The PCR product (394 bp) was purified and inserted into the SrfI site of the pPCR-Script Amp SK(ϩ) cloning vector using a commercial kit (Stratagene, La Jolla, CA). Cloning DNA sequence and orientation were determined by sequencing using T3 and T7 primers. Digoxigenin cRNA sense and antisense probes were generated by either T3 (antisense) or T7 (sense) RNA polymerase-mediated transcription of linearized plasmids with HindIII and NotI. Paraffin-embedded sections of endometrial tissue were baked for 2 h at 60 C, dewaxed with two xylene baths, and rehydrated in a series of alcohol solutions. An additional bath with 0.2 m HCl and DEPC-treated water followed. Proteinase K digestion (10 mg/ml) was carried out at 37 C for 30 min. Subsequently, an additional wash with 0.1 m triethanolamine and acetic anhydride (0.25% vol/vol) was performed. Sections were prehybridized at 42 C for 3 h with hybridization buffer containing 60% deionized formamide, 25 mm Tris-HCl (pH 7.4), 1 mm EDTA (pH 8.0), 0.4 m NaCl, dextran sulfate (12% w/v), and Denhardt's solution (1ϫ). After this, 100 g/ml tRNA and 200 g/ml salmon sperm DNA were added to the buffer. Hybridization was performed overnight at 42 C in a hybridization buffer with 0.1% (vol/vol) of 100 mm dithiothreitol stock solution, 1% (vol/vol) of a 10% sodium thiosulfate stock, and 1% (vol/vol) of a 10% sodium dodecyl sulfate (SDS) stock solution with 200 ng/ml sense and antisense probes. Slides were consecutively washed in 2ϫ saline sodium citrate (SSC) at room temperature, 2ϫ SSC at 42 C, 1ϫ SCC at 42 C, and finally 0.1ϫ SSC at 42 C. RNase A (20 g/ml) digestion was carried out by shaking for 1 h at 37 C. Afterward, 1ϫ blocking solution (Roche Diagnostics, GmbH, Mannheim, Germany) was added to buffer 1 (pH 7.5) containing 100 mm maleic acid and 150 mm NaCl. Sections were incubated at room temperature for 2 h with alkaline phosphatase antidigoxigenin antibody (diluted 1:500; Roche Diagnostics) in 1ϫ blocking solution with buffer 1. Color development took place at room temperature for 3 h in buffer 3 (100 mm NaCl; 50 mm MgCl 2 ; and 100 mm Tris-HCl, pH 9.5) containing 1% NBT/BCIP (vol/vol; Roche Diagnostics) and 0.1% (vol/vol) of a 1-mm levamisole stock solution. Counterstaining with 0.1% methyl green was performed over 30 sec. Sections were mounted using Kaiser's glycerol gelatin (Sigma). Photomicrographs were obtained using a digital camera (Coolpix 995; Nikon, Tokyo, Japan).
In vitro model for apposition
This is an in vitro model for studying interactions between the human embryo and cultured EEC. It was implemented in a clinical program in which embryos were cocultured with EEC up until the blastocyst stage and then transferred back to the mother (34, 35) . Embryos were obtained after ovulation induction and insemination, in which routine IVF or intracytoplasmic sperm injection procedures were used.
Endometrial biopsies were minced into small pieces (Ͻ1 mm) and digested in a mild collagenase solution (0.1%) at 37 C for 1 h. The endometrial epithelium was isolated and purified as previously described (36) . EEC were cultured until confluence in a steroid-depleted medium containing a 3:1 mixture of DMEM (Sigma), MCDB-105 (Sigma), and 5 mg insulin (Sigma), which was supplemented with 10% charcoal-dextran-treated bovine fetal serum (Hyclone, Logan, UT). The homogeneity and purity of EEC cultures were assessed using immunohistochemical markers (37) and morphological characteristics (scanning electron microscopy) (34) . After confluence, the culture media were replaced by a 1:1 mixture of IVF:S2 medium (Scandinavian IVF Science AB, Gothenburg, Sweden).
Forty-eight hours after insemination of oocytes, each two-to four-cell human embryo was transferred to an EEC monolayer. When embryos reached the eight-cell stage, the medium was replaced by S2 medium until the blastocyst stage. Embryonic development was monitored daily, and the medium changed every 24 h. On d 6 of coculture, blastocysts were transferred to the recipient by means of an atraumatic catheter. EECs cultured alone under the same conditions were used as controls. Individual human embryos were cocultured with EEC for 5 d (from d 2 to d 6 of embryonic development). After embryo transfer, EEC wells were divided into the following two groups: EEC with embryos that had reached the blastocyst stage and EEC without embryos (controls). Realtime QF-PCR was used to analyze OB-R L and HuB219.3 mRNA expression in these samples. Relative data were normalized with the GAPDH housekeeping gene and expressed as mean Ϯ sem. Statistical significance between experimental groups was assessed using the Student's t test with independent variables. P Ͻ 0.05 was considered significant.
Nested PCR of leptin in human endometrium
Total RNA from endometrial tissues, EEC, and placenta was extracted using Trizol reagent (Gibco BRL, Life Technologies, Paisley, Scotland, UK). First-strand cDNA was reverse transcribed from 1 g RNA using a Moloney murine leukemia virus RT and Advantage RT-for-PCR kit 
Designations of Ϫ (negative), ϩ (weakly positive), ϩϩ (moderately positive), and ϩϩϩ (strongly positive) indicate the relative intensities of the signals averaged by three different blind observers.
(Clontech). First PCR amplification was carried out with the following primers: 5Ј-CCAAAACCCTCATCAAGAC-3Ј (forward) and 5Ј-CAC-CTCTGTGGAGTAG-3Ј (reverse) for leptin, and 5Ј-ATCTGGCACCA-CACCTTCTACAATGAGCTGCG-3Ј (forward) and 5Ј-CGGTGAG-GATCTTCATGAGGTA-3Ј (reverse) for ␤-actin. PCR amplification was performed in a final reaction volume of 25 l containing 2 l cDNA. The annealing temperature was 59 C for both ␤-actin and leptin in 30 cycles for the former and 40 cycles for the latter. The second PCR for leptin detection was performed at 59 C with 3 l of the first PCR during 20 cycles. For this round, the same forward primer was used, whereas the reverse primer was 5Ј-CTCTTAGAGAAGGCCAGCAC-3Ј. PCR products were analyzed by gel electrophoresis in 2% agarose gel containing 0.5 g/ml ethidium bromide. The PCR assay was repeated at least three times for each cDNA sample.
Immunohistochemistry
Human implantation sites (6 -9 wk after the last menstrual period) were obtained from hysterectomy specimens and curettage specimens from therapeutic abortions. Tissues were formalin-fixed and paraffin-embedded and sectioned (5 m) and mounted on glass coated with Vectabon (Vector Laboratories, Burlingame, CA). After deparaffinization and rehydration with a graded series of ethanol, immunohistochemistry was performed using a LSAB peroxidase kit (Dako Corp., Barcelona, Spain). In brief, sections were incubated with 3% hydrogen peroxide at room temperature for 5 min to suppress endogenous peroxidase activity. The samples were then incubated at room temperature for 30 min with 0.5 g/ml goat antihuman OB-R antibody C20 (Santa Cruz Biotechnology, Santa Cruz, CA) in a humidity chamber. PBS containing 0.5% BSA (wt/vol) replaced the primary antibody as the negative control. After 20 min incubation with the linker, streptavidin-peroxidase was added for an additional 20 min and the substrate-chromogen solution was used for 5 min to stain the slides. Subsequent to each incubation step, the tissues were washed three times with PBS 50 mm Tris-HCl buffer. Counterstaining was carried out with Mayer's hematoxylin, and the slides were mounted with Entellan (Merck, Darmstadt, Germany).
Results
Gene expression and localization of total leptin receptor (OB-R T ), OB-R L , and the short isoforms (HuB219.1 and HuB219.3) in the human endometrium during the menstrual cycle
The dynamics of the mRNA expression of OB-R isoforms were analyzed during the menstrual cycle using real-time QF-PCR in three separate experiments with different sets of endometrial samples. Data are presented as a relative average value for each isoform studied and have been normalized according to the average value of the housekeeping gene (Fig. 1) . The lowest value in each phase of the menstrual cycle was considered to be the basal expression and quantified as 1. The mRNA levels in a specific phase are expressed as fold increase compared with the basal expression.
Real-time QF-PCR experiments revealed a similar expression pattern in the human endometrium for all OB-R isoforms studied (Fig. 1) . OB-R mRNA presented cycle variation, with an increased expression at the end of the menstrual cycle (group V, d 23-28) that was higher in the late vs. early secretory phase (8.2-fold increase for OB-R T , 9.5-fold increase for OB-R L , 7-fold increase for HuB219.1, and 4.9-fold increase for HuB219.3).
To confirm these data and to localize the OB-R T mRNA in the endometrial tissue, nonradioactive in situ hybridization experiments were performed on paraffin sections. The five groups of the menstrual cycle were analyzed, and the results are shown in Fig. 2 and Table 3 . OB-R T mRNA was expressed predominantly in the luminal epithelium, where it showed minimal expression in the early secretory phase (group III) and maximal expression in the late secretory phase (group V). The glandular epithelium displayed a similar, although weaker, pattern of expression, and the stromal cells showed a slight expression during all phases.
Expression of leptin mRNA in human endometrium
We performed nested PCR to identify the expression of leptin mRNA in human endometrium and cultured EEC in the presence or absence of a human blastocyst. We did not detect any signal for leptin in any of the samples analyzed performing a single PCR of 40 cycles (Fig. 3A) . When a second PCR of 20 cycles was carried out using the product of the first amplification, a clear band of 256 bp was identified in the positive control, endometrium, and EEC (Fig. 3B).   FIG. 3 . Leptin mRNA expression in human endometrium and EEC cultured in the presence or absence of a human blastocyst determined by nested PCR. In the first PCR round of 40 cycles, a positive signal for leptin mRNA (341 bp) was detected only in placenta (ϩ control) (A). A band of 256 bp appears in placenta (ϩ control), human endometrium (End.), and EEC cultured with (EEC*) or without (EEC) human embryo when a second PCR of 20 cycles was performed using the product of the first amplification (B). Note the presence of both 341-and 256-bp bands in the positive control in the second PCR round. ␤-Actin expression was used as control of the mRNA integrity (A). Deionized water instead of cDNA served as negative control (Ϫ control), and the leptin-amplified product of the first negative control served as negative control 2 (Ϫ control 2). Placental samples were used as positive control (ϩ control).
Placental mRNA was used as positive control. The mRNA integrity was controlled based on the ␤-actin expression.
Leptin and OB-R T RT-nested PCR during human embryonic development
RT-nested PCR was performed to detect leptin and OB-R T mRNA in human oocytes and preimplantation embryos at different stages (oocyte metaphase II, two-cell, four-cell, eight-cell, morula, expanded blastocyst, and hatched blastocyst). Leptin mRNA expression was not detected in oocytes and preimplantation embryos until the blastocyst stage (Fig.  4) , whereas OB-R T mRNA was detected at all the embryonic stages studied (Fig. 4) . The identity of the PCR products obtained was verified by sequence analysis.
Embryonic regulation of OB-R L and HuB219.3 in cultured EEC
The embryonic effect on endometrial epithelial OB-R L and HuB219.3 mRNA expression in cultured EEC was assessed via real-time QF-PCR using an in vitro model of human implantation as described in Patients and Methods. No significant differences were observed in these two isoforms of the OB-R based on the presence or absence (control EEC) of a human blastocyst. GAPDH was used as the housekeeping gene to normalize the results (Fig. 5) .
Immunohistochemistry of OB-R L in human implantation sites
By means of immunohistochemical analysis, we identified immunoreactivity against the OB-R L in human implantation sites. A positive signal was found in cytotrophoblast cells of villous trophoblast in an 8-wk-old human implantation site and in the epithelial and stromal cells of the maternal deciduas (Fig. 6) . In control experiments, immunostaining was not present when the primary antibody was omitted (Fig. 6 ).
Discussion
OB-R was originally described in the choroid plexus (2), but today, its presence is very well documented in several reproductive tissues (13) . In this study, we present data that uncover the complete leptin system at the human blastocystendometrial interface and highlight the possible biological relevance of this system in human embryonic implantation.
We describe how OB-R T mRNA and OB-R L undergo a cyclical variation, with an increased expression during the late secretory phase. Real-time QF-PCR data are confirmed by in situ hybridization analysis, which reveals the localization of OB-R T mRNA mainly at the epithelial and glandular epithelium. Kitawaki et al. (26) previously showed, using Northern blot and semiquantitative PCR, that OB-R and OB-R L were expressed in the endometrium with a peak in the early secretory phase. Our data agree with the results published by Alfer et al. (27) , in which the OB-R was more RT-nested PCR of leptin and OB-R T mRNAs in human oocytes and preimplantation embryos. OB-R T mRNA was detected as a 126-bp band in oocytes and at two-cell, four-cell, eight-cell, morula, expanded, and hatched blastocyst stages. Leptin mRNA was present only at expanded and hatched blastocyst stages as a 256-bp band. As an internal control, ␤-actin was used. The positive control for leptin and OB-R was placental cDNA, and the negative control was distilled water instead of cDNA.
expressed during the proliferative and late secretory phase than in the early secretory phase. In the Alfer et al. (27) study, the immunoreactive OB-R was low during the early secretory phase, as we have demonstrated at mRNA level using realtime QF-PCR and in situ hybridization. With respect to the soluble isoforms HuB219.1 and HuB219.3, which had not been previously analyzed, both follow the same pattern of expression as that of the OB-R T and OB-R L , with maximal expression occurring during the late secretory phase and minimal expression noted at the early secretory phase. Therefore, endometrial OB-R L and the soluble forms of OB-R are present in the endometrial epithelium, are available at the time of endometrial receptivity, and display a premenstrual increase.
The OB-R L activates the signal pathway via Janus kinases/ STAT or another intracellular mediator (4 -7), and it seems that the endometrium requires leptin to become receptive to the implantation of a blastocyst in the midluteal phase. This hypothesis is supported by our work, in which we report, for the first time, the dynamics of leptin and OB-R mRNA expression from the oocyte stage through to the hatched blastocyst stage of human embryonic development. OB-R T mRNA was detected in human oocytes and at all preimplantation embryonic stages studied. In contrast, leptin mRNA was expressed only in expanded and hatched blastocysts. This endorses the belief that the leptin detected in human oocytes and early preimplantation embryos (28) is of a maternal source, confirms the absence of leptin mRNA in human oocytes (29) , and corroborates results reported in mouse (30) that detected leptin mRNA expression only at the blastocyst stage, whereas OB-Rb and OB-Ra expression was noted throughout the mouse embryonic development. The similarity of the leptin system in the preimplantation embryonic development in both mouse and human models is encouraging given the solid evidence that the leptin presence is mandatory in embryonic implantation in the mouse model (15, 16, 19, 30) .
We have studied the OB-R T without distinguishing between the isoforms, but because the OB-R and the mediator STAT3 protein are present (28) , it is likely that the functional long form of the receptor is among the expressed isoforms. Thus, it is possible that leptin stimulates the development of the human embryo through its receptor because the latter is present at all preimplantation stages. Indeed, there have been in vitro experiments performed in mouse in which blastocysts cultured with 100 ng/ml of leptin increased their total cell number (30) . Moreover, significant differences have been found between arrested and competent embryos cultured in vitro (25) . Hatched blastocysts that were cultured alone secreted significantly higher concentrations of leptin than arrested blastocysts (25) .
Due to previous controversial results in the detection of leptin mRNA in human endometrium using RT-PCR, we have further verified its presence using nested PCR in human endometrium and EEC cultured with and without human blastocysts. No signal was found in the first PCR round of 40 cycles with 2 l of cDNA loading. However, when a second set of inner primers was used in the product of the previous RT-PCR (nested PCR), a clear band of the expected size was observed in human endometrium and EEC. Thus, leptin is expressed in the human endometrium, which confirms our own previously published data (25) . Nevertheless, the mRNA levels are very low and only detectable by nested PCR or cDNA overloading. Such low expression could explain why leptin was not detected in human endometrium in other studies (26, 27) . Therefore, the human endometrial OB-R may be activated by leptin of embryonic origin, paracrine/autocrine endometrial leptin, and/or endocrine leptin.
A specific molecular crosstalk between endometrium and embryo during human implantation has been reported (38, 39) . These molecular interactions seem to be initiated in the endometrial epithelium (40 -42) . We performed embryonic regulation experiments to verify whether the presence of blastocyst increased the expression of OB-R L and the soluble form HuB219.3 mRNA in cultured EEC. The human blastocyst did not regulate OB-R mRNA expression. Nevertheless, other effects of OB-R activation on the endometrium, such as sharing the STAT3 pathway used by leukemia inhibitory factor (43), a synergistic angiogenic effect with vascular endothelial growth factor (44), or the activation of different genes related to embryonic adhesion that have not yet been studied, could be involved.
Finally, we reveal the immunolocalization of OB-R L in the cytotrophoblast cells of villous trophoblasts and in the luminal epithelial and stromal cells of maternal decidua. In this way, syncytiotrophoblast cells are a source of leptin (45) that could act on the cytotrophoblast in a paracrine loop or even in an autocrine manner because they supposedly possess OB-R (27), although we did not note a clear staining in syncytiotrophoblast cells. This may promote a more invasive role for the blastocyst modulating, among other possible molecules, the expression of metalloproteinases that enhance the embryo implantation (46).
The application of genome-wide analysis with DNA microarrays to human endometrial receptivity reveals, at mRNA level, the hierarchical quantitative contribution of genes to this function (47-50). In these studies, the leptin system did not reveal itself as a prominently regulated gene family. However, quantity is not necessarily related to functionality, and additional studies are required to establish the existence of this relationship.
In conclusion, we have demonstrated the maximal expres-sion of OB-R T , OB-R L , and the soluble isoforms HuB219.1 and HuB219.3 in the human endometrium during the late luteal phase. We have also illustrated the expression of OB-R T in human oocytes and preimplantation embryos, whereas embryonic leptin appears only at the blastocyst stage. Moreover, we have shown that OB-R L is present in cytotrophoblast cells. Therefore, it seems that the leptin system may play an important role in the crosstalk between the preimplantation embryo and the receptive endometrium during the human implantation process (Fig. 7) , as it does in the mouse model (19) .
